The aim of this work was to recognise factors responsible for reduced citrate excretion, previously reported in patients with spinal cord lesions and possibly related to the occurrence of urinary tract stone or catheter blockage. Inter alia, a reference range for creatinine in plasma (34-88 .umol/I) was also obtained.
Introduction
In patients with spinal cord lesions some of the processes involved in catheter blockage and in calculus formation are the same. 1 Citrate excretion is reduced in spinal cord injured patients, a feature that may be related to the occurrence of renal stone disease. 2 Citrate forms soluble nonionised com plexes with calcium ions, thereby lowering the effective concentration of calcium in solution. 3 Citrate also inhibits the forma tion, growth and aggregation of crystals of calcium oxalate and calcium phosphate. 3 In patients without spinal cord injury, urine citrate levels are reduced in certain types of calcium renal stone disease. 4 Therapy with oral citrate lowers recurrence rates in cal cium stone disease. s In spinal cord injured patients citrate excretion was reduced in patients with or without urinary stone dis ease. 2 Citrate excretion was also low in patients who did not have urinary infection. Hypocitraturia was partly explained by low potassium excretion. 6 The aim of this work was to confirm and extend these findings.
Patients and methods
All the subjects were male. Group 1 con sisted of 64 patients with spinal cord lesions and 20 control subjects. The patients had been admitted for rehabilitation (28), minor surgery (18) , pressure sores or their seque lae (sinus, bursa, abscess) (10) or for med ical investigations (8) (Table I) . Three had a history of bladder stone, previously re moved. Eighteen had a history of kidney stone, three being stone free when studied. No patient was pyrexial or receiving alkalies or acidifying agents when studied. Informed consent was obtained. The control subjects were able bodied, in good general health and aged 19-68 (median 30) years.
On each subject two 24-hour urine collec tions were made with the receiver kept in ice and analysed for pH (by electrode), sodium, potassium (flame photometry), chloride (titration), ammonium, calcium, magnesium, phosphate, creatinine (Beck mann ASTRA), urate (spectrophotometry), citrate, isocitrate, and oxalate (enzymic methods). 6 On both days venous blood samples were obtained with a minimum of venous stasis, with the subject fasting and having been in the supine position for at least 45 minutes. pH and blood gases, plasma sodium, potassium, chloride, cal cium, inorganic phosphate, albumin, total protein, alkaline phosphatase, urate and magnesium were determined on one sample and creatinine (Beckmann ASTRA) and citrate on both. 6 Plasma ionised calcium was calculated from blood pH and serum total A separate urine sample from each pa tient was sent for bacteriological culture. 6 Group 2 consisted of 342 patients seen at an outpatient clinic and 31 healthy control subjects. pH, ammonium, citrate and creat inine were determined in urine samples obtained from the patients for routine microscopy and bacteriological culture and in random urine samples from the control subjects. Figures 1 and 2 show the creatmille data. Urinary creatinine was lower in the patients than in the control subjects and fell with diminishing creatinine clearance. Plasma creatinine was also lower in patients than controls but rose with diminishing creatinine clearance. Plasma creatinine was in the range 34-88 fLmol/1 for patients whose creatinine clearance was 80 ml/min or more and 74-124 fLmol/l for control subjects. Table II shows the results for control subjects and p atients with creatinine clear ance of 80 ml/min or more. Urinary sodium, potassium, magnesium, phosphate, chloride and citrate were lower and urinary volume was higher in the patients than in the controls. Plasma citrate and albumin were lower and pH and standard bicarbonate higher in the patients than in the control subjects.
Results

Group 1
Graphical plotting of pH and ammonium (Fig 3) revealed 17 patients with urea-split ting infection. Based on these data a pH ammonium quotient (NH4 + 40. pH) was defined. When the quotient was greater than 310, urea-splitting infection was pres ent. When these patients were omitted, urinary pH and ammonium were signifi cantly correlated ( r = -0. 29) and pH was higher and ammonium lower in the patients than in the controls (Table II) .
The regression coefficient relating cor rected and ionised calcium in plasma was (4) 0. 64. Urinary calcium and total, corrected and ionised calcium in plasma were higher within 1 year of onset of the cord lesion than they were later (Table III) , but did not differ between control subjects and patients with cord lesion more than 1 year of onset.
Percent tubular reabsorption of citrate
Filtered load of citrate (plasma citrate x creatinine clearance) was reduced in the patients.
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(creatinine clearance) did not differ between patients and controls, however. Plasma citrate and actual bicar bonate levels were significantly correlated ( r = -0.28). Among patients with a normal creatinine clearance, stone formers had a significantly lower sulphate, isocitrate and creatinine excretion and higher urinary volumes than the patients with no history of stone disease.
Multivariate analysis was carried out on the data from all patients by sequential single and multiple regression techniques. Urinary ammonium excretion correlated with plasma standard bicarbonate and creat- (Fig 4) and urinary citrate excretion with urinary potassium and creat inine clearances (Fig 5) . Table IV shows the effects of impaired renal function. Urinary phosphate, iso citrate, sulphate and urate and citrate fil tered load were reduced but plasma citrate was elevated in patients with reduced creat inine clearance. . . 
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Group 2
For 201 patients that showed no growth on culture and for the control subjects mean urinary pH were 6. 51 and 5. 98 respectively (p < 0. 000l). The corresponding ammo nium values were 15. 5 and 41.7 mmol/l (p < 0. 0001). There was a significant negat ive correlation between pH and ammonium concentration (Fig 6) . The patients with urinary infection had mean pH 6.83 and mean ammonium concentration 21.4 mmol/l, which were both elevated (p < 0. 001) compared with those with no infection. Mean citrate concentration and citrate/creatinine ratio in patients with or without urinary infection were 1.20 and 1. 22 mmol/l, and 0.58 and 0.54 respectively, differences that were not statistically signif icant .
Discussion
Reduced urinary creatmme in spinal patients (Fig 1) is related to the decline in muscle mass that follows a cord lesion.9
Creatinine excretion is also known to be reduced in renal failure.lO The present data show reduced creatinine excretion when less severe renal impairment is present. When renal function is normal, plasma creatinine is reduced in spinal patients (Fig 2) . This has been reported previously,9.11 but to the authors' knowledge a reference range for plasma creatinine in male spinal patients has not been published until now. Creatinine production in women is 77. 1 % of that in men.ll To exclude effects that may have been related to impaired renal function, subjects . .
. . with creatmme clearance less than 80 ml/min are omitted from the data of Table II . Increased urinary volume in the patients is attributed to the practice of encouraging a high fluid intake. Reduced sodium, potassium, magnesium, chloride and phosphate in the patients was probably related to diet. The patients had reduced energy expenditure and therefore lower appetite than the control subjects, most of whom were physically active members of the hospital staff.
An elevated urinary pH is expected in patients with urinary tract infection, but it is then associated with an increased ammo nium concentration. In health there is an inverse relation between urinary pH and the excretion of ammonium.12 Plotting urinary ammonium against pH permits recognition of the presence of urea-splitting infection (Fig 3) . 13 Values of the quotient (ammo nium + 40.pH) in control subjects were 310 or less. When patients with elevated quoti ent were excluded, the remaining patients had lower urinary ammonium than the control subjects (Table II) and there was a significant negative correlation between urinary pH and ammonium. The association of raised pH with lowered ammonium im plies a metabolic cause, consistent with the elevated blood pH and bicarbonate also observed in these patients. The results from group 2, using fresh urine samples examined without delay, confirmed this relationship (Fig 6) as did the correlation of urinary ammonium to standard bicarbonate and creatinine clearance (Fig 4) .
The small elevation of blood pH (within the normal range) observed in the patients in this study was unexpected. Possible reas ons may be suggested. Firstly, spinal injured patients have reduced muscular activity and therefore a reduced level of muscle meta bolism compared with able bodied persons.
Metabolic activity of muscle tissue results in production of acid. While this is only appre ciable during vigorous exercise, significant differences in metabolic acid production have been reported both from normal activ ity in humans!4 and during immobilisation in animals. 15 The difference in blood pH ob served in this study may thus be due to the difference in metabolic acid production be tween normally active and paralysed sub jects. The blood samples were all taken after a night's rest. A second possible explanation is that there was a dietary difference. Spinal patients have reduced energy output and therefore reduced appetite. It is possible that appetite for proteins is lowered more than appetite for calories. If so, patients will have relative reduction in acid ash content of the diet compared with nonparaplegic subjects. In consequence patients' urines will be less acidic than control subjects' urines. Further work is required to investig ate these possibilities.
Total, corrected and ionised calcium in plasma were relatively elevated (though within the normal range) in patients within 1 year of onset of the cord lesion (Table III) . In this study corrected and ionised calcium denote two methods of deriving the physio logically active fraction of calcium in blood plasma. Both methods involved correcting total calcium for pH, albumin and total protein. Considering the difference in plasma protein levels it was interesting that these calculated values were not more different between patients and controls. Elevated pH and lowered proteins have opposing effects on the correction, however. When protein only was used as a basis for calculation the differences were much greater. Elevation of plasma ionised calcium has been reported previously in immobilised healthy subjectsl6 but few data have been published on spinal injured patients.
Urinary infection, which is considered to lower urinary citrate, 17 was present in nearly 60% of patients. There was however no significant correlation between the presence of infection and citrate excretion in either group 1 or group 2. Low urinary citrate occurs in spinal patients even in those who are apparently free of infection2 and has been found to relate to low urinary potas sium. 6 In this study plasma citrate was also low in the patients (Table II) . Tubular reabsorption of citrate did not differ be tween patients and controls. Low urinary excretion of citrate was associated with reduced filtered load. It is possible that these findings are the result of the operation of opposing processes.
Elevation of plasma bicarbonate leads to reduced tubular reabsorption, and there fore increased urinary excretion, of citrate. Potassium depletion has the opposite effect. 18. 19 These opposing effects may have cancelled each other leading to an appar ently normal rate of tubular reabsorption. Citrate excretion correlated with both urinary potassium and creatinine clearance (Fig 5) .
Plasma citrate is lowered when dietary intake of citrate is low and when there is gastrointestinal malabsorption.!9 It follows that reduced plasma citrate in these patients may have been related to dietary intake. There was, however, no correlation with urinary sodium, potassium, chloride, mag nesium or phosphate. The observation of increased plasma citrate in patients with impaired renal function agrees with the findings of Marangella. 20 In the patients with urinary tract stone disease increased urinary volume was prob ably due to advice to maintain a high fluid intake. No explanation can be offered for the other differences observed. It is impor tant, in studies such as this, to take account of differences in renal function between patients with and without stone disease.
An elevated urinary pH is a feature of both the formation of urinary stones and the blockage of indwelling urinary catheters.! Low urinary citrate is a known risk factor for calcium stone disease. The common occurrence of elevated pH and low citrate in spinal patients deserves further study in relation to these troublesome complica tions.
